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As a pursuit of excellence, an organization needs an effective management of 
its staff and resources. Most of the staff in any organization is allocated into shift 
base schedules, which would cover twenty-four hour operations. With the existing 
Enterprise Resource Planning (ERP) systems, major challenges that any organization 
has to face are customization of the ERP system and the organizations data. Having 
an information management system that covers specific department functionalities in 
an organization would enable professional staff as well as administrative staff to 
overcome such challenges. 
This research focuses on the design, architecture, and development phases of 
software development life cycle to develop a staff scheduling web based software 
system intended for medium scale organization. This thesis describes the main 
functionalities for a staff scheduling system and how it will be designed and 
developed in a customizable manner. 
This thesis explorers the functionalities of existing ERP systems and other 
existing staff scheduling systems to identify initial requirements for developing a 
customizable staff scheduling system. This staff scheduling system is a web based 
software application that can be accessed from internet browser. This software 
systems architecture and design is related to standard three-layer design and three-tier 
architecture. This web based staff scheduling software system is developed using 
Microsoft technologies such as ASP.NET MVC framework, Entity framework, and 
MS SQL Database. Performance analysis and evaluation of the developed staff 
scheduling system was conducted at the end of the research to identify if this software 
system will perform under increasing database size scenario. 
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CHAPTER ONE: INTRODUCTION 
The healthcare industry is currently one of the leading industries with 
employment and technological opportunities (Long, 2011). Most of the healthcare 
institutions have adapted ERP systems or other information management systems to 
assist their day to day tasks and improve information sharing between higher 
management. Main two areas in a major hospital are operating room scheduling and 
staff scheduling. Productivity of the hospital staff and operating rooms will 
determine how efficient and profitable a hospital is overtime. 
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This research will develop a customizable design for a staff scheduling system 
that will help any type of an organization to push forward for profitability. Workload 
management and staff scheduling are the most important aspects that an organization 
should look forward in order to keep the competitiveness edge and profitability in a 
business. Most organizations overlook this management criterion when selecting an 
ERP system or information management system for their daily functionalities. Author 
reviewed number ofliterature into how major healthcare institutions and large 
manufacturing organizations have used workload management with staff scheduling 
functionalities to their advantages. This helped the author to come up with a 
customizable and user-friendly staff scheduling software system that will allow any 
organization to adapt staff scheduling functionalities. 
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Purpose 
The purpose of this research is to present a customizable design and evaluate 
the developed staff scheduling software system for a medium scale organization. In a 
competitive and profitable organization, efficiently scheduling staff is a major part of 
the organization's overall picture. This research will come up with au initial design 
of a software system that will help to schedule staff to various positions that are 
available in au organization. Since this system is complex due to use of various 
technologies, introduction to these technologies and why each was chosen will be 
defined in later chapters of this thesis. The main objectives identified to complete 
this thesis are listed below. 
Objectives 
Objective 1 
Identify initial requirements for this customizable staff scheduling software 
system. 
Objective 2 
Design this staff scheduling software system to satisfy identified requirements 
Objective 3 
Implement this staff scheduling software system with selected technologies. 
Objective 4 
Evaluate the performance of this staff scheduling software system regarding 
database performance and web application responsiveness. 
Assumptions 
Following assumptions are considered as pre-conditions before starting this 
research. 
Any selected organization that is willing to deploy this software system must 
have a reliable human resource management system. This will allow the integration 
of this staff scheduling system into organizations existing information infrastructure 
with minimal changes. 
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Staff can only be scheduled for any number of weeks from a start date, for 
each scheduled period managerial person need to review the past schedules and create 
a new schedule using this software system. This will eventually help the organization 
to identify any patterns in staff scheduling to make any changes to efficiently 
schedule for future. 
Limitations 
This staff scheduling system must be hosted in web server with Microsoft 
.NET 4.0 framework support. Microsoft development environment tools and 
technologies used throughout this research are available only for students through 
Microsoft DreamSpark website. From these software's, Microsoft SQL Server 2008 
and Microsoft Windows Server 2008 cannot be used for deployment of this software 
system in business environment as mentioned in the license agreement (Microsoft, 
2012). 
Any potential organization interested in using this staff scheduling system 
would need to purchase the required hardware and software identified in the Chapter 
3 and Chapter 4 of this thesis. 
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Some of the application features will only be available through database level, 
such features include inserting initial data (Ex: staff information, managing 
administration functions) 
Significance of the Study 
As mentioned in the introduction, ERP and information management systems 
available today at the market are not specifically focused for customizable situations. 
The staff scheduling software system discussed throughout this thesis is mainly 
designed in-order to help lower level and managerial staff to coordinate the employee 
schedules and take appropriate decisions to run the organization smoothly. Most of 
the ERP and information management systems that were built by others have limited 
user friendliness to accommodate end users of those systems who were not 
comfortable with software applications. This thesis answers these problems by 
designing a user friendly user interface with Web 2.0 and Rich Internet Application 
(RlA) technologies that are readily available for developing complex software 
applications. This software systems data will be stored using Database Management 
System (DBMS) with support for transactions and high bandwidth. 
The system described in this research paper is developed using the 
requirements identified by the author, who has prior experience in consulting and 
designing information management systems that make decisions using evidence 
Web2.0 
The term Web 2.0 is associated with web applications that facilitate 
participatory information sharing, interoperability, user-centered design, and 
collaboration on the World Wide Web (Alexander, 2006). This project will be using 
ASP.NET 4.0 framework with JQuery and Ajax scripting framework. 
Riclt Internet Application (RIA) 
A Rich Internet Application (RIA) is a Web application that has many of the 
characteristics of desktop applications, typically delivered either by way of a site-
specific browser, via a browser plug-in, independent sandboxes, or virtual machines. 
Adobe Flash, Java, and Microsoft Silverlight are currently the three most common 
platforms, with penetration rates around 97%, 76%, and 66% respectively (as of 
August 2011) (Stat Owl, 2011). This project will be using Adobe Flash applications 
developed through Adobe Flex framework and action script 3.0. 
Positions 
Each organization has various organizational levels or positions. 
Ex: In an education institute, positions will include Dean, Department Chair, 
Professor, Graduate or Teaching Assistants and Work Studies. 
Sofhvare as Service (SaaS) 
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SaaS application generally differentiates from existing software applications 
with the usage of internet (Levinson, 2007). End users need to have internet access to 
access the SaaS application, and it is associated with licensing scheme. This reduces 
the software privacy. All the data and servers are maintained by SaaS vendors, this 
will reduce cost overhead on managing servers. 
Web Server 
Web server can refer to either the hardware (the computer) or the software 
(the computer application) that helps to deliver content that can be accessed through 
the Internet. The primary function of a web server is to deliver web pages on the 
request to clients. This means delivery of HTML documents and any additional 
content that may be included by a document, such as images, style sheets and scripts. 
E11terprise Resource Pla1111i11g (ERP) 
ERP system integrates internal and external management information across 
an entire organization, embracing finance/accounting, manufacturing, sales and 
service, customer relationship management, etc. ERP systems automate this activity 
with an integrated software application. Their purpose is to facilitate the flow of 
information between all business functions inside the boundaries of the organization 
and manage the connections to outside stakeholders. 
Exte11sible Markup La11guage (XML) 
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XML is a markup language that defines a set of rules for encoding documents 
in a format that is both human-readable and machine-readable. It is defined in the 
XML 1.0 Specification produced by the W3C, and several other related 
specifications, all gratis open standards. 
Object Oriented Programmi11g La11guage (OOP) 
OOP is a programming paradigm using "objects" - data structures consisting 
of data fields and methods together with their interactions - to design applications 
and computer programs. 
l11ten1et J11formatio11 System (JIS) 
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ITS is web server software running on Windows Server operating system. This 
allows publishing web application built from .NET programming languages and 
handle user request accordingly. 
Simple Object Access Protocol (SOAP) 
SOAP is an XML-based messaging protocol. It defines a set of rules for 
structuring messages that can be used for simple one-way messaging but is 
particularly useful for performing RPC-style (Remote Procedure Call) request-
response dialogues (Box, 2000). 
Web Service 
A Web service is a method of communication between two electronic devices 
over the web. The W3C defines a "Web service" as "a software system designed to 
support interoperable machine-to-machine interaction over a network". Most web 
services XML messages follow the SOAP standard. 
Web Applicatio11 or Web based Software 
A web application is an application that is accessed over a network such as the 
Internet or an intranet. 
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Software Architecture 
The software architecture of a system is the set of structures needed to reason 
about the system, which comprise software elements, relations among them, and 
properties of both. Documenting software architecture facilitates communication 
between stakeholders, documents early decisions about high-level design, and allows 
reuse of design components and patterns between projects. 
Software Desig11 
Software design is a process of problem solving and planning for a software 
solution. 
ORM (Object Relatio11al Mappi11g) 
This is a programming technique for converting data between incompatible 
type systems in object-oriented programming languages. 
POCO (Plai11 Old CLR Objects) 
The term is used to contrast a simple object with one that is designed to be 
used with complicated, special object frameworks such as an ORM component. 
DTO (Data Tra11sfer Objects) 
Data transfer object, is a design pattern used to transfer data between software 
application subsystems. DTOs are often used in conjunction with data access objects 
to retrieve data from a database. 
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User I11terface 
User interfaces are software system screens that will allow humans to interact 
with it and perform different actions. Ex: web pages are user interfaces in web based 
software system. 
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CHAPTER TWO: REVIEW OF LITERATURE 
Chapter Two will discuss in detail the review ofliterature conducted by the 
author to identify initial requirements for this research. Since this research is based 
on design and development of a customizable staff scheduling software system, this 
includes information related to numerous staff scheduling systems that are already 
available in the market. Author initially researched about existing ERP systems and 
what type of industry (Ex: Healthcare) will utilize staff scheduling systems 
extensively. This information helped to identify the initial requirements for this staff 
scheduling software system. As author looked more deeply into the existing staff 
scheduling systems, he understood that it is difficult to customize existing system to 
different organizational structures and requirements. This research outcome derived a 
potential staff scheduling software system that can be highly customized for different 
requirements of different organizations. 
Enterprise Resource Planning System 
True ambitions of ERP is the enterprise part, most people would think ERP 
systems will plan all your enterprises resources. But in the actual situation these terms 
comes far too apart. Main objective of an ERP system is to integrate all departments 
and functions across a company onto a single computer system that can serve all 
those different departments' particular needs (Wailgum, 2008). Building a single 
software system that serves the needs of people throughout the organization's 
different departments from finance, human resources, to warehouse is a tall order. 
Each of those departments typically has its own computer system optimized for the 
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particular ways that the department does its work. But ERP combines them all 
together into a single, integrated software program that runs off a single database so 
that the various departments can more easily share information and communicate 
with each other. For example ifwe looked into the life cycle of a customer order from 
the point of view of the customer placing the order, it will be traversed through 
different departments often being keyed and rekeyed into different computer systems. 
All the keying into different computer systems invites errors. Meanwhile, no one in 
the company truly knows what the status of the order is at any given point due to inter 
department politics and different systems. ERP vanquishes all these problems by 
replacing the old standalone computer systems with a single unified software program 
divided into software modules that roughly resembles the old standalone systems 
functions. 
Even though it seems pretty easy to deploy an ERP system and think of the 
benefits it gives you at the end, it is still a huge decision to take considering 
organizations whole process and how much it affects initially. To implement ERP 
system properly, the ways an organization does the business will need to change and 
the ways people do their jobs will need to change too. And that kind of change 
doesn't come without pain. The most important thing is to look for long term gains, 
rather than short term losses. On average, actual timeline for transforming an 
organizations businesses or activities to an ERP system spans between one and three 
years (Wailgum, 2008), so It's critical for companies to figure out if their ways of 
doing business will fit within a standard ERP package before the agreements are 
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signed and the implementation begins. If a business cannot fully use the 
functionalities and modules provided by an ERP system, it is useless to go for an ERP 
(For example implementation of an ERP was limited to a small area of the company, 
or the company used only the financial piece of the ERP system will eventually be 
nothing more than a very expensive accounting system). 
Once an organization has decided to go for an ERP, it will come with a high 
price tag as we described earlier. All these costs include hardware, software, 
professional services and internal staff costs. Costs included initial installation and the 
two year period that followed, which is when the real costs of maintaining, upgrading 
and optimizing the system for your business are felt. Later costs such as maintain, 
upgrading and optimizing can be discarded if the organization need to reduce cost due 
to budget reductions, but to be competitive in the business world these operations are 
vital. There also some hidden costs involved with ERP implementation. Some of 
these are listed below. 
• Training 
Training is the near-unanimous choice of experienced ERP 
implementers as the most underestimated budget item. Training expenses are 
high because workers almost invariably have to learn a new set of processes, 
not just a new software interface (Wailgum, 2008). 
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• Integration and testing 
Testing the links between ERP packages and other corporate software 
links that have to be built on a case-by-case basis is another often-
underestimated cost. A typical manufacturing company may have add-on 
applications from the major e-commerce and supply chain to the minor sales 
tax computation and bar coding. All require integration links to ERP 
(Lawrence, 2008). 
• Customization 
Much more costly, and something to be avoided if at all possible, is 
actual customization of the core ERP software itself. This happens when the 
ERP software can't handle one of your business processes and organization 
decides to change the software to make it do what you want. The 
customizations can affect every module of the ERP system because they are 
all so tightly linked together (Wailgum, 2008). 
• Data migration 
It costs money to move corporate information, such as customer info 
and supplier records, product design data and the like, from old systems to 
new ERP database. 
Payback expectations dates from using an ERP will not come quickly. It is a 
horrendous exercise that focuses on optimizing the way things are done internally 
rather than with customers, suppliers or partners. And it will be a pretty good payback 
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if organizations are willing to wait. When you come to think of why majority of ERP 
implementations fail it is mainly due to the people who use the system. Organization 
has to get people inside the company to adopt the work methods outlined in the ERP 
software. If the people in the different departments that will use ERP don't agree that 
the work methods embedded in the software are better than the ones they currently 
use, they will resist using the software or will want to change the software to match 
the ways they currently do things (Bailey, 2011). This is where ERP projects break 
down. 
Staff Scheduling in the Healthcare Industry 
As we looked into the details of typical ERP system and how it helps an 
organization to manage its business operations by using single computer information 
system throughout all the departments in that organization, we can understand that 
most currently available ERP applications generally are tailored to the needs of the 
manufacturing industry, many large healthcare systems are investigating these 
applications to improve their management and performance in an effective way. Due 
to the significant differences between manufacturing and patient care, ERP-based 
systems do not easily translate to the healthcare setting. Correctly implemented ERP 
system for healthcare organization can help by integrating many functions, including 
patient scheduling, human resources management, workload forecasting, and 
management ofworkflow, that are not directly dependent on clinical decision 
making. The key question for a healthcare provider is whether an application 
originally designed with the manufacturing industry in mind, focusing as that industry 
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does on management of production lines and logistics, translates well to the 
healthcare industry, which focuses primarily on managing staff costs and clinical 
processes (Christenson & Jenkins, 2001). Main reason for this is due to healthcare 
organizations goals, missions, cost concerns, and behaviors are inherently different to 
that are of manufacturers. Because of this successful implementation of an ERP 
system in a healthcare organization would require a quite different approach than that 
used by manufacturers. 
One of the major benefits an ERP system is to reduce cost by efficiently 
managing supply chain through its purchasing and vendor management functions. 
This is an area that healthcare organizations can improve by better management of 
costs with respect to hospital materials. Figure 1 show fundamental operations 
involved in healthcare industry. 
Supply Chain 
Management 
Figure I: ERP in healthcare (Scherrer & Spahni, 1999). 
Following are some of the main areas that are unique to healthcare 
organization and can be improved using healthcare based ERP system. 
• StaffRecruitment 
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Healthcare industry is highly labor intensive industry. It would need to 
track applicant's education, skills, references along with complete employee 
data and information. Most healthcare industries around world are facing 
acute shortage of trained medical staff (Sujith, 2008); automation of HR 
functions in healthcare sector would also help in employee retention. 
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• Workload Management 
If an ERP system help in tracking patient visits and there by predicting 
patient volnmes over a certain period would assist all the departments in a 
healthcare organization to plan the work load of professional and ancillary 
staff efficiently. These functions of the ERP application helps in payment 
arrangements from payer and also aid in efficient forecast of average length of 
stay, staffing needs and other related payments (Sujith, 2008). 
• Scheduling and Workflow Management 
Most healthcare institutions work around the clock twenty four hours. 
This would require scheduling required amount of staff efficiently which in-
turn would result in greater productivity. Effective management of healthcare 
workflow is the key to ensure that resources are used effectively. This would 
result in reducing elimination of unnecessary admissions and costly treatments 
that could happen due to lack of communication between various entities 
(Sujith, 2008). 
Most ERP vendors in the market now specializes in different aspects or areas 
of healthcare industry, this leads to incomplete ERP solution available to healthcare 
organizations and them having to customize or purchase separate add-ons or modules 
from separate vendors that are partnering with these ERP vendors. These situations 
are some of the hidden factors that make most of the healthcare related ERP projects 
to fail. KLAS is one of the major research company in the world that help healthcare 
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providers to make informed technology decisions by providing impartial healthcare 
ERP system vendor performance data. Following are the top five healthcare ERP 
vendors according to KLAS top 20 2006 year-end report (Emado, ERP vendors look 
to integration, 2007). 
McKesson Healtli Solutions 
The world's largest healthcare IT services company specializing in the 
development of healthcare systems, distribution of pharmaceuticals and medical 
supplies, and disease management solutions. McKesson Corporation, currently 
ranked 18th on the FORTUNE 500 (RedHat, 2007), is dedicated to helping its 
customers deliver high-quality healthcare by reducing costs, streamlining processes, 
and improving the quality and safety of patient care. McKesson healthcare solution 
incorporates core ERP applications (for cost-effective supply management, 
streamlined employee/labor management and stringent financial control) with 
healthcare-specific scheduling, OR management and decision support applications. 
Lawson Healtlicare Solutions 
Lawson provides a full range of business solutions for healthcare, including 
human resources, supply-chain management and purchasing, finance and accounting, 
and reporting and business intelligence. Rising operating costs, labor shortages and an 
intense focus on quality all combine to put enormous stress on all sizes of healthcare 
providers (Morgan, 2010). 
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Oracle PeopleSoft 
Oracle, through its Oracle E-Business Suite and PeopleSoft Enterprise product 
lines, offers integrated and comprehensive financial management applications. 
PeopleSoft is the only healthcare ERP application with a pure internet architecture 
that doesn't need client software other than a standard internet browser. This makes it 
one of the most open, flexible, and scalable platform that is also intuitive and cost-
effective (Oracle, 2010). 
Meditec/1 
Meditech offered system is a Healthcare Information System, or HIS. 
Basically, it's a software application that's designed to capture, store, and display 
administrative and clinical data used within a hospital, health system, or medical 
practice. Meditech supports various functionalities listed below (Simplicio, 2008). 
• Administrative 
These are the applications that would be used to register patients or 
admit them when they come into the hospital or ER, schedule an appointment, 
manage patient medical records, or even manage surgery in the OR (Nair, 
2007). 
• Departmental or Clinical 
These are the applications that the clinical staff uses to order, manage, 
document, and report on your actual clinical tests and physician orders (Nair, 
2007). This covers areas like: 
o Radiology or Imaging 
o Laboratory services, like blood tests, blood bank, and pathology 
o Rehab Services like physical, occupational, speech, and recreational 
therapy 
o Cardiopulmonary Services like respiratory care, and cardiac care. 
o Pharmacy 
o Emergency department/Emergency room 
• Patient Care or Advanced Clinical 
These are the applications that nurses and doctors use to document 
their treatment of patient or view patient Electronic Medical Record (EMR). 
• Patient Financials/Revenue Cycle 
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This group includes the applications used to bill patient insurance, and 
send statements. 
• General Financials 
This group includes the applications used to manage the accounting 
functions of a hospital's business (Ex: General ledger, Assets, Materials 
Management, Payroll, and Accounts Payable) (Nair, 2007). 
• Decision Support 
Decision Support applications are used to provide the hospital 
management and administration with consolidated information to help them 
manage their departments and hospitals. 
• Continuing Care 
This application group consists of system to support facilities that 
provide non-acute care, such as long-term care, behavioral health, or home 
health services. 
• Technical 
The applications provide system-wide functionality that is grouped 
under the technical grouping (Ex: report writer, system management, 
administration and control functions). 
SAP for Healthcare 
22 
SAP for Healthcare is an industry solution that helps healthcare organizations 
streamline communication between healthcare providers, patients, payer 
organizations and suppliers; manage all aspects of patient care from registering 
patients and planning beds to patient accounting and billing to aftercare management; 
simplify tasks for managing support services such as occupational health and safety, 
hygiene, waste and substance management; organize shift planning and human 
resources; support all plant maintenance processes; streamline procurement of 
materials and services; and effectively manage business planning, performance 
management, financial and accounting (Emado, ERP vendors look to integration, 
2007). 
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As we looked into ERP systems related healthcare industry in earlier section, 
what we can identify is that efficient staff scheduling and workload management is 
two key areas in any organization. It might give a picture like "Is workforce 
management market in industry is old hat?" But the true answer is Yes and No. 
As we watch closely at the vendor market and potential institutions, we can 
notice that managers and executives are eager to drill down, to get to the analytics 
aspects of workforce management technology. That's where a big piece of the 
efficiencies and cost savings are (Monegain, 2011 ). One of the major competitors in 
this area is Massachusetts based Kronos and larger ERP companies like McKesson 
and APL The right staff member means someone with the right skills, but it also 
means someone who will not cost the organization overtime (Mone gain, 20 I I). 
"Applications like scheduling, meshed with acuity systems, expose a visibility to 
what's going on with your workforce in a timely way that you didn't have before," 
(Shaffer, 2011). 
Kro110s Scheduli11g System 
Kronos provides the market's most advanced, clinically focused scheduling 
solution to support quality care delivery while helping control labor costs. With a 
rules-based scheduling engine, Kronos helps organizations create intelligent 
schedules in minutes. Based on historic workload levels including seasonality and 
holidays, employee preferences, skills needed, and staff experience. Kronos now 
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provides organizations with acuity-driven, real-time whole-house views of coverage 
across all departments. This insight delivers the right information to managers to 
increase productivity of their employees and increase patient safety through reduced 
dependencies on overtime and agency staff(Kronos Incorporated, 2012). 
McKesso11 ANSOS 011e-Staff 
The flagship product of McKesson's Workforce Management Suite, ANSOS 
One-Staff is enterprise productivity management systems that can help organizations 
to achieve superior patient outcomes by balancing clinical needs with the personal 
and professional goals of their staff(Enrado, Buyers Guide - Staff/Nursing 
Scheduling, 2007). 
Microsoft SQL Server Database System 
From the initial development ofSybase for UNIX systems in 1987, SQL 
Server has rapidly developed into a major force of DBMS technologies. MS SQL 
Server 2005 and post versions have integrated new features and functionalities that 
make it stand out from the rest of the systems. Enterprise data management features 
such as failover clustering and database mirroring technology in SQL Server 2008 
enables enterprises to deliver highly reliable, and available applications to employees, 
customers, and partners (Brooks, 2010), Security enhancements integrated in SQL 
Server 2005 and onwards provide the highest level of security for enterprise data 
through features such as database encryption, more secure default settings, password 
policy enforcement, granular permissions control, and an enhanced security model 
(Litchfield, 2006), From developer point we could identify features such as 
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integrating new XML data type, enabling the storage of XML fragments or 
documents, new query types and the capability to use error handling, and develop 
database objects using any Microsoft .NET language. And new business intelligence 
technologies such as SQL Server Integration Services (SSIS) as next generation data 
integration platform that can integrate data from any source, and SQL Server 
Reporting Services (SSRS) enabling server-based and client based reporting solution 
are designed to manage, and deliver both paper-based and interactive web-based 
reports. This will also enable Web 2.0 applications to effectively and timely response 
to user requests. 
SQL Server 2008 R2 
Most organizations thriving for enhance business operations and increase 
profits by using ERP systems are looking forward for Business Intelligence (BI) 
features available in those systems. BI features are the key functionalities that are 
added by ERP vendors recently. Microsoft has extended its popular database server 
product with core platform enhancements, new management capabilities and a raft of 
features focused on enabling self-service business intelligence scenarios. This version 
of SQL Server interoperability with Microsoft products such as Office 2010 and 
SharePoint 2010 improved the self-service BI front. 
Features, pricing and licensing differs depending on the version of SQL 
Server that we choose. Following Table 1 gives a basic idea of features that are 
available in different SQL Server versions and their pricing information. 
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Table 1 
SQL Server 2008 R2 Version Comparison (Microsoft, 2010) 
: Features I! Enterprise '1 Standard Express 
1; 
Scalability and Performance Fully Limited Very 
Limited 
High Availability (Always On) Fully Partial Limited 
Virtualization Support Fully Almost Fully Very 
Limited 
Replication Fully Partial Partial 
Enterprise Security Fully Partial Partial 
Single Instance RDBMS Management Fully Fully Partial 
Application and Multi-Instance Fully Partial Partial 
Management 
Management Tools Fully Almost Fully Limited 
Development Tools Fully Fully Limited 
Programmability Fully Fully Partial 
Spatial and Location Services Fully Fully Fully 
Complex Event Processing Partial Partial None 
(Streamlnsight) 
Integration Services Fully Fully Limited 
Integration Services-Advanced Fully None None 
Adapters 
Integration Services-Advanced Fully None None 
Transforms 
Data Warehouse Fully Very Limited None 
Analysis Services Fully Almost Fully None 
Analysis Services-Advanced Analytic Fully Very Limited None 
Functions 
Data Mining Fully Very Limited None 
Reporting Fully Very Limited None 
Business Intelligence Clients Fully Almost Fully None 
Master Data Services Fully None None 
Pricing (per processor) (Ozar, 2009) $28,749 $7,499 Free 
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Microsoft ASP.NET 
ASP .NET is a web application framework developed on top of .NET 
framework by Microsoft. Main objectives of this web framework are to allow 
software programmer to build dynamic web applications and web services. With the 
initial release of version 1.0 (ASP Active Server Pages) it has expanded into full-
fledged MVC framework with the latest release of version 4.0. This helps basic 
application programmer to expert programmers to design and develop complex web 
applications. When it comes to different programming languages, ASP.NET helps 
vast array of programming languages introduced by Microsoft to be used as the 
underline development language. 
Architecture of ASP .NET involves request processing engine that takes an 
incoming request and passing it through its internal pipeline to an end point where 
you as a developer can attach code to process that request. .NET runtime provides a 
complex yet very elegant mechanism for routing requests through this pipeline. The 
entire ASP.NET engine was completely built in managed code and all of the 
extensibility functionality is provided via managed code extensions (Strahl, 2008). 
This is a testament to the power of the .NET framework in its ability to build 
sophisticated and very performance oriented architectures. Following Figure 2 depicts 
how a request that is sent to ASP .NET webserver is handled. 
28 
Figure 2: How ASP.NET works (Strahl, 2008). 
When a request comes in, IIS checks for the script map and routes the request 
to the aspnet_isapi.dll. Rest of the process differs from IIS 5 to IIS 6. Since this 
research is developed on Windows Server 2008, which includes IIS 6 version, we will 
look at how the IIS 6 handles the web request. When a request is sent through request 
processing pipeline to ASP .NET runtime, it will create a separate worker process 
inside operating system for each request. These processes are created inside 
"Application Pool" defined by IIS 6 at the initial setup. Application Pools are highly 
configurable. You can configure their execution security environment by setting an 
execution impersonation level for the pool which allows you to customize the rights 
given to a Web application in that same granular fashion. The actual entry points into 
the .NET Runtime occur through a number of undocumented classes and interfaces. 
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The worker processes ASPNET_ WP.EXE (IIS5) and W3WP.EXE (IIS6) host the 
.NET runtime and the ISAPI DLL calls into small set of unmanaged interfaces via 
low level COM that eventually forward calls to an instance subclass of the 
ISAPIRuntime class. ISAPIRuntime class includes a parameter that helps ASP.NET 
to retrieve information about the current request such as server variables, POST data 
as well as returning output back to the server (Strahl, 2008). 
Microsoft Entity Framework 
One of the problematic areas in programming data centric applications is to 
address the impedance mismatch across various data representations (for example 
objects and relational stores). New updated version of Active X Data Objects for 
.NET (ADO.NET) raises the level of abstraction for data programming, thus helping 
to eliminate the impedance mismatch between data models and between languages 
that application developers would otherwise have to deal with. Two innovations that 
make this move possible are Language-Integrated Query and the ADO.NET Entity 
Framework. The Entity Framework exists as a new part of the ADO.NET family of 
technologies (Microsoft, 2006). 
Conceptual 
Model 
EntltyClient Data Provider 
oeoataReader 
Data Souree 
Figure 3: Entity framework architecture. (Microsoft, 2009) 
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The Entity Framework includes the EntityClient data provider. This provider 
manages connections, translates entity queries into data source-specific queries, and 
returns a data reader that the Entity Framework uses to materialize entity data into 
objects. When object materialization is not required, the EntityCiient provider can 
also be used like a standard ADO.NET data provider by enabling applications to 
execute Entity SQL queries and consume the returned read-only data reader 
(Microsoft, 2009). 
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Objects that don't rely on other APis are referred to as Plain Old CLR 
Objects, or POCOs. This provides the support for Code-First approach. Code-First 
approach involves developing the application code initially and then designs the 
database layer. Most of the type in software development life cycle, engineers would 
develop the database and application layer simultaneously. This allows the 
improvement on time. In these cases we could use the Code-First approach to come 
up with the POCO classes that would match the database entities at the end. The 
Entity Framework 4.1 introduced a lightweight version of the ObjectContext called 
DbContext. It provides all of the same POCO support as the ObjectContext. 
DbContext also wraps some of the more complex logic required for coding against 
the ObjectContext into simpler methods and properties, making it easier to execute 
the most common coding tasks in the Entity Framework. 
CHAPTER THREE: METHODOLOGY AND FINDINGS 
Chapter Three concentrate on the approaches taken to address the objectives 
defined in Chapter One. And it shows the findings for each objective. 
32 
"Objective 1: Identify initial requirements for this customizable staff 
scheduling software system." was addressed through identifying initial requirements 
by going through existing ERP systems and other existing staff scheduling systems. 
Some of the requirements are defined by author using his prior experience with 
software designing and development. Following section describes about the 
functionality of the staff scheduling system and what type of design architecture is 
selected to design the system. And sections (Staff Scheduling System, and 
Architecture and Design) will also describe the findings for Objective I. 
Staff Scheduling System 
This is the main user interface module that is concentrated in this research. 
Recent improvements in information technology area allowed most of the industries 
to automate large percentage of their daily routine work. As more and more 
personals are hired to companies, data relating to those personal and specialties 
should be handled appropriately. These data can be utilized to identify which persons 
can be used in various scenarios. Within a normal organization, staff can be 
categorized into multiple categories depending on their specialty area. And most of 
these employees have shift based work schedule, which enables the organization to 
support 24 hours of operation. When hiring staff, these operational hours should be 
recorded. The Figure 4 illustrates an overview of the functionalities related to this 
system. 
Figure 4: System overview. 
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As per the diagram in Figure 4, this system have vast array of functionalities 
to be developed in-order to support the initial requirements. Next section will start 
looking at how each of these functionalities is correlated with identified requirements. 
Followings are the main functional areas identified for this staff scheduling system. 
Staff Scheduler 
This staff scheduling software systems user interfaces needs to be changed 
according to the position of the logged in user. For managerial and administrative 
users it will allow to create a customized week schedule for selected date period, and 
then it allow managing the schedule through RIA based user interface. When 
creating a staff schedule, appropriate managerial person should populate the data 
required for scheduling; this will include specifying the date and time with number of 
hours a particular employee needs to work each day. 
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This user interface module also allows users to create a new staff schedule and 
make changes to it. And it should allow scheduling staff for different positions for 
selected number of weeks. Depending on the permission of the logged in user, 
scheduler will make different functionalities available to the user. Above mentioned 
functionalities will only be available to the managerial or administrative users. Staff 
positions under supervision such as Professors, Graduate Assistant's, and Work 
Studies supervised by Department Chair in an educational institution will be allowed 
to self-schedule themselves into available shifts. Statistical data required for 
scheduling purposes are displayed for schedule managers and self-scheduling users, 
this will eventually reduce the effort and time taken for scheduling. Another 
requirement in the staff scheduler is to request leave for allocated shifts ( or time 
period) (See Appendix B. l for leave request logic), this action should be approved 
from responsible staff supervisor. 
Message Ce11tre 
This user interface module allows users to view messages that are sent or 
received by the staff scheduling system. This will include leave request messages and 
other system notifications. Requested leave messages should have an option to 
approve or deny by staff supervisor. Depending on the action taken by the 
supervisor, changes are visible in the staff schedule user interface to represent which 
staff has taken leave. This allows schedule managers to schedule new employee for 
the leave taken time period, making 24 hour operation of the organization functions 
properly. 
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Architecture aud Design 
"Objective 2: Design this staff scheduling software system to satisfy identified 
requirements" is addressed by following sections (Development Technologies, 
Persistence Data, Security, User Interface Design, Application Deployment, and Error 
and Exception Handling). This will include what type of software system architecture 
and design is selected and what types of technologies are involved with the design of 
this staff scheduling software system. 
Application architecture consists with 3-Layers (Refer Figure 5) which will 
divide the system into application user interface layer, web service/business logic 
layer, and data access layer with database connectivity (Simser, 2006). This design 
was chosen to optimize the application integration, performance, usability, and 
availability factors. And web service/business logic layer separates the business logic 
from rest of the application source code. Since business logic is separated from rest 
of the components, integration and modification of business logics could be handled 
efficiently and independently (Josuttis, 2001). User interface layer allows storing the 
web pages and adobe flash objects that can be accessed through internet browser. 
Main functionality of the web service layer is to interoperability with other 
information management systems in an organization, this will allow other information 
systems to request data from this staff scheduling system database. Data access layer 
functionality is to allow efficient methods to access data from the database of this 
staff scheduling system. 
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Figure 6: 3-tier architecture with 
separated servers. 
With 3-tier architecture (Figure 6), data access layer and database system 
could be replicated into multiple servers to transfer the load between each server. 
This design will also ensure and allow different organizations to have their own 
business logic implemented in future. User interfaces are developed using ASP .NET 
MVC 3.0 and Adobe Flex technologies, the use of Adobe Flex technology will allow 
to deliver the application content to client computers efficiently with much higher 
speed and it will also reduce the load on application server. Scalability is another 
main reason to choose 3-tier architecture, and since data is stored separately on 
multiple servers it will increase the data integrity and security. 
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Figure 6 has detailed view on how the functionality will be divided into three 
layers and how the three layers can be represented using three servers. It clearly 
depicts on earlier identified 3-tier architecture model (in Figure 5) could be 
represented with separate server environments. And it also shows the communication 
path between each layer and it's underneath components. Figure 7 has a 
technological view that identifies the different technologies used in different layers of 
the three tier architecture model. This view enabled the author to develop the 
required components of this staff scheduling system using appropriate technologies. 
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Developme11t Tech11ologies 
Overall software system was developed on top of Microsoft .NET Framework 
4.0 enviromnent. All other technologies associated with the application such as 
AJAX, JavaScript and Flex components will use ASP.NET properties and attributes 
to fulfill functionality. Table 2, will give details on the technologies and tools that 
were used to develop this system. 
Table 2 
Development Technologies and Tools 
lArea 
-· - -
I 
Technology , Version 
I 
,, 
,, 
' 
Development Environment 
Development IDE Visual Studio 2010 SP I 
Flex Builder 4 
SQL Server Management Studio 2008 
Application Tools 
.NET Framework C#.NET 4.0 
Web Framework HTML 5.0 
ASP.NETMVC 3.0 
Action Script 3.0 
ITS Server 7.0 
Web Server Entity Framework 4.3 
Database Microsoft SQL Database 2008 R2 
(Enterprise) 
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Persiste11ce Data 
Persistence data is managed through Microsoft SQL Database 2008 DBMS. 
Since the application is developed using .NET framework it is much easier and 
reliable to use Microsoft SQL server instead of other DBMS technologies. Database 
connections, transactions, and commands are managed by Entity framework. It 
enhances the system by using connection pool oriented database connection handler. 
This component allows handling transactions as well as executing specific SQL 
commands. With the connection pooling feature in SQL Server, load balancing and 
database performance will be managed without external components. 
Addition to above feature's MSSQL 2008 database improves the staff scheduling 
system in following methods. 
• Performance and Stability: With the ever growing database, it is much 
efficient to use MSSQL database which supports very large databases, up to 
one terabyte. Since MSSQL database runs on Microsoft Windows Server, it 
allows very efficient way of processing queries in parallel with minimizing 
additional memory requirements to gain performance. 
• Availability: MSSQL database allows dynamic data backup feature's, which 
allows backing up the data while it's being used. This allows main database to 
be running up to 24 hours per day and reduce additional backup cost. 
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• Security: MSSQL database allows defined users to have specific permissions 
on the database. This allows advance security features that disallow SQL 
injection attacks. 
• Recoverability: In case of system failure MSSQL database has automatic 
recovery mechanism that recovers a database to the last state of consistency in 
a matter of minutes, with no database administrator intervention. 
• Processing: MSSQL database reduces network traffic by processing database 
queries on the server before sending results to the client. Thus client/server 
application can do processing where it's done best - on the server. 
Security 
Role based authentication mechanism was developed to handle permissions 
for individual users of this staff scheduling system. Authorization will be 
automatically handled using specified security roles and their permissions. These 
permissions are maintained in the database and when user logs into the system user 
will have those permissions under their session. This staff scheduling web software 
system renders the requested web pages for the user while considering the 
permissions. Each system user will have set of permissions identified with the initial 
requirements; these permissions can be changed according to different security roles 
which can be assigned to system users. Managing the permissions and inserting users 
to the system can be conducted through database level by an administrator. 
Passwords related to the user logins are stored encrypted in database level, encryption 
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will use .NET framework supported hash function using pre-defined password phrase 
stored in web server configuration file (Cazier & Medlin, 2006). 
Final staff scheduling web application is hosted on secured web server and 
user will have secured HTTPS connection to the server when sending requests. This 
ensures all the data transferred through the system is secured. 
User I11terface Desig11 
System user interfaces consists of html web pages and custom flex 
components. This author selected ASP.NET Framework as the main web framework 
for web user interfaces (WebUI). Flex components and Third Party java scripts are 
used accordingly to give RIA experience to the end user. Adobe Flex components are 
used throughout this system to represent core system features, such as staff 
scheduling and message center. 
ASP.NET web pages are developed using ASP.NET MVC 3 Views and 
AJAX controls with C#.NET as server-side coding language. 
Applicatio11 Deploy111e11t 
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Figure 8: Deployment view. 
Figure 8 depicts the physical deployment of the final system. It uses web 
farm and database cluster to manage different tiers of the system. Main reason to 
choose above deployment architecture is RIA components that reside inside client 
machine. Having application/services on single server farm environment reduces 
overhead of communication between the two. With a web farm of multiple servers, 
load to the individual servers can be balanced accordingly. 
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As identified in the Figure 5 above, this staff scheduling system is divided into 
three layers. User interface layer consist of all the web pages and Adobe Flex user 
interfaces that interact with the end user through internet browser. Web Services acts 
as an interface for business layer. User interface layer will access data relating to 
business objects through web service interfaces. Data access layer enables web 
services to access data from database. Web service interface methods access business 
objects defined in the data access layer to update and transfer data from the database. 
Data access layer handles database connections and allow retrieving data through 
Entity framework database context module. 
Error a11d Exceptio11 Ha11dli11g 
All the errors and information's given to system user are defined in an xml file 
in user interface layer. This can be easily edited to change the error/info description 
for organization preference. This xml contains the Cascading Style Sheet (CSS) styles 
that should be used for error information. ASP .NET application cache and cache 
dependency technique is used to store the xml file; cache dependency technique helps 
to reduce accessing time of the files in ASP.NET technology. Appendix A.I contains 
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the sample format of error information xml file. Object oriented class named 
"Messages" is defined in user interface layer which manipulates the xml file and 
return style information and error information. ASP .NET web pages use the 
previously defined Messages class to retrieve the message details. Flex components 
internally load the xml file and retrieve the data. All the ASP.NET error/validation 
messages are shown in validation style associated with each message. Message class 
defined earlier can be used to retrieve message text and style for given message id. 
All the application wide exceptions are logged into the operating system event 
logger under application name. Each exception event message for functions contains 
its input parameter and exception description. ASP.NET web pages and Flex 
components do not show the exception details to the end user. Exception is logged to 
event logger and a common error message is shown to the end user, this error 
message is defined in xml file mentioned previously. 
Development Steps 
"Objective 3: Implement this staff scheduling software system with selected 
technologies." to address this objective of the research, web based software system 
was developed by understanding the identified requirements and design technologies. 
Following sections (Database Development, Web Service and Data Access 
Development, and Web Application Development) focuses on the findings associated 
with Objective 3. 
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Database Developme11t 
Initial step was to identify the entities related to the system and design the 
database; this involved creating an Entity Relationship (ER) diagram. The first step of 
the software development process is to design this diagram to describe information 
regarding the software system data that is to be stored in a database. The data 
modeling technique can be used to describe any ontology (i.e. an overview and 
classifications of used terms and their relationships) for a certain area of interest. 
Once the initial ER diagram was created for this staff scheduling system further 
optimizing of the ER diagram was done to remove unwanted data attributes. For an 
example, Figure 9 shows the relationship between Department and Staff entities. This 
is a basic relationship related to this system and more elaborated ER diagram with all 
the entities and attributes are attached in Appendix section B.2. 
Figure 9: Relationship between department and staff entity. 
The author used the Microsoft SQL server management studio to design the 
ER model; this is an advantage when it comes to designing database system through 
MS SQL Server. Designed ER model was easily converted into physical table 
structure with the entire relationships integrated using Microsoft SQL server 
management studio. Data dictionary related to the final table structure of this staff 
scheduling systems database is attached in Appendix section B.3. 
Web Service a11d Data Access Develop111e11t 
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Once the database structure was designed and developed, the author started to 
design the business objects and related functionalities. This also allowed separating 
the business requirements from the user interface layer. In-order to customize and 
improve the design of the system, author used the Entity Framework 4.3 introduced 
with .NET framework as an ORM tool. Code-First approach described in review of 
literature allowed separating entity objects as POCO objects allowing them to be used 
as DTO through web service layer. Code-First approach allowed mapping POCO 
objects to database tables to allow querying the data using POCO objects. 
Generic repository class was developed to create inherited business objects 
repositories for different business entities. Figure 10 shows the relationship between 
main business object and rest of the objects .. NET Generics were used in generic 
repository class and eventually accessed when it was inherited by child repositories to 
initialize main entity for each of them. For example, Department repository needs to 
mainly associate with department entity or table in this systems database. To achieve 
this using generic repository author assigned the department entity class as the 
generic attribute for department repository. This ensures department repository to 
only associate with department related functionalities. 
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Figure 12: Web service functions. 
Each database operation was executed with in transaction; this allows keeping 
the data integrity (Entity framework default allows this but as the author used stored 
procedures and entity queries, author wanted to include transaction support 
explicitly). Once the data access layer related objects were developed, web services 
and user interfaces were designed and developed using ASP .NET framework. Main 
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functionalities and methods created under each business object were referenced from 
web service layer. Class diagram shown in Figure 12 illustrates the related 
functionalities for web service layer of this staff scheduling system, these are the 
functions or methods that can be accessed from user interface layer to complete each 
user's actions and update database. 
Web Applicatio11 Develop111e11t 
Web pages of the system were developed from ASP.NET MVC framework, 
Most of the RIA interfaces and components that are interactive with the user is 
developed through Adobe Flex. As described earlier in the review of literature, MVC 
pattern allows to separate presentation layer from the data access control layer. Refer 
to Appendix B.5 section for screenshots related to development of the three layers of 
this staff scheduling system using Visual Studio 2010. 
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Figure 13: MVC Web application controller design. 
Figure 14 to Figure 18 show different user interfaces developed throughout 
the system. 
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Figure 14: Application login page. 
Every user of the system must acquire a username and a password from 
system administrator. This will allow them to login to the system. ASP .NET coding 
related to login page is available in Appendix section A.2. 
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Figure 15: Home page. 
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Figure 16: Manage schedule page. 
This section allows schedule managers to create new schedule or edit existing 
schedules. 
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Figure 17: Manage scheduling interface. 
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New positions can be added to the schedule with or without staff assigned to 
the position. When adding a position to the schedule, the manager can define the shift 
duration. Shift duration information will be displayed as following: 
• 08: 00 - 09: 30 (Shift will start from 8 o'clock in the morning and 
end at 9.30.) 
Manager has the authority to make a position in the schedule regular, that 
position and its shifts will be repeated when creating new schedules in future. 
Q03Sat <1~•· 7""1_;_ • 7 i_"::;• ~,;\ __ 
, ua4Sun -G:· ~ - -~0· G .. { 
Figure 18: Add new task for the schedule. 
TI ~bkJ~~~-~ 
-·········-"· .......... *." 
When managers create a schedule they can add new tasks for the selected 
week including comments. 
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Evaluation 
"Objective 4: Evaluate the performance of this staff scheduling software 
system regarding database performance and web application responsiveness." To 
evaluate the developed system refer the user interface figures taken at various steps of 
the staff scheduling web based software system (Refer Figure 14-18 in earlier section 
of this paper). Some of the user interfaces from these were taken as sample subjects to 
test the performance of this staff scheduling system. Following are the findings 
related to Objective 4. 
Software a11d Hardware Support 
This staff scheduling software system can be supported in various operating 
systems; this is due to application being hosted as a SaaS on web servers. Any user 
with an internet browser that supports Adobe Flash will be able to access this system. 
This staff scheduling system will eventually require hardware supports that 
are listed in Table 3. Most of the hardware is similar for web server and database 
server, but it is important that the database to be backed up frequently. In view of this, 
having a large hard disk will be an added advantage, this will also allow securing data 
integrity and application support. 
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Table 3 
Hardware support for Web Server and Database Server 
Hai·dwai·e Web Server Database Server 
Processor 3.46 GHz six-core (3.60 GHz four-core) Intel Xeon 
5600 series processors with Quick Path Interconnect 
technology 
Memory At most 12-48GB RAM, At least 12MB L3 Cache 
Hard Disk 500GB-1TB 110-16TB 
Network Integrated 2 ports, plus 2 ports optional Gigabit 
Ethernet 
Display Standard VGA supported display 
Other Standard Keyboard and Mouse 
Table 2, listed in earlier section, gives a detailed description of software that 
needs to be installed on web server and database server for development and system 
support. 
System Performance 
One of the major reasons that web based software systems respond slowly is 
attributed to poor or Jack of performance tuning the database. Since this staff 
scheduling web based software system is developed using Adobe Flex, most of the 
data related to particular user interface is initially downloaded to computer of the end 
users. As a result of this, time taken for any requests that are sent after initial load will 
be reduced. Following are some of the precautions taken by the researcher to increase 
the staff scheduling system performance. 
• Develop critical user interfaces of the system from Adobe Flex. 
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This reduces the response time for most user actions by initially 
loading the user interface to user's internet browser's cache. 
• Use common business objects throughout the system that are defined at data 
access layer according to data that are requested by web service requests. 
• Use ASP.NET server-side cache and session to keep vital data related to user 
session and application wide globally (Ex: keep xml error information on 
server-side cache). 
• Tune the database tables and stored procedures to increase the performance of 
the database transactions and commands. _ 
Table 4 
Performance Test Data for Application 
Test Number 11 2 3 4 5 6 7 8 9 
~-~ ,..,,.., 
. ])B Size (MB) !4522 4777 
~--
4865 4951 5201 5278 5332 5547 5621 
User Action 
-- "--
----
Login to the System. 140 133 129 144 141 137 131 141 149 
(User enter username 
and password and click 
lo in Time (ms) 
Go to Self Schedule 8146 8489 9536 9874 912 9889 9925 9994 9876 
(User click self-schedule 
from left menu) Time 
(ms 
Request PTO action 502 597 601 621 628 18 623 
(user double click on a 
shift in self-schedule 
user interface and 
re uest PTO) Time ms) 
10 
5798 
139 
903 
619 
Create new schedule. 8830 8945 9254 9812 10005 10001 9997 1001110017 10021 
Time (ms) 
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Table 4 shows the time taken for some of the main user actions taken on this 
systems user interfaces (Figure 14-18). Selected actions were timed 10 times using 
Internet Explorer developer tools, each time more data was added to this systems 
database (Appendix B.4 contains screenshots taken when performance testing the 
web user interfaces). Figure 21 depicts the information relating to Table 4 contrast to 
increasing database data volume. Final conclusion about the performance relating to 
this staff scheduling system is that, database is optimized for particular data limit, 
after database reaches that limit response time tends to be consistent. 
] 7600 +------------------------
~ 
<l 
.5. ! 5100 -+-------------------------
= .. 
Ji 
~ 2600 ->-----------------------
100 
1 2 3 4 5 6 7 8 9 10 
Numberof trials 
-Login to the System. 
-GotoSelfSchedule-
-Request PTO action 
-Create- new schedule. 
Figure 19: Response time for different user action with increasing database. 
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CHAPTER FOUR: CONCLUSION 
Summary 
This research was started in fall 2011, with identifying the initial requirements 
for the staff scheduling system. At the time, the database and web services were 
designed to acconunodate identified requirements. In the course of the research, 
Microsoft released a new version of Entity framework and ASP.NET MVC 
framework technologies. These technologies were identified as the future for 
developing web based software systems. These technologies were included in the 
initial design of this staff scheduling software system, to accommodate the usage of 
these technologies relevant changes were incorporated to this research. One of the 
greatest advantages of using these technologies is that future researchers can easily 
incorporate any changes and customizations to this staff scheduling software system. 
The final stage of the research involved developing the user interfaces and evaluating 
the performance of the developed staff scheduling software system. 
Conclusion 
The timeline for this research was very limited due to time constraints of 
having only one semester to finish the thesis. However, it is noteworthy that the main 
objectives for this thesis were accomplished within the available time. More testing of 
the system is still needed to be researched or attended in order to make this software 
system fail-proof and defect-free. As known to many software engineers, the idea of 
developing a defect-free system at first run is a dream. With repetition of system 
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testing and defect fixing phases, this research can produce a sturdier staff scheduling 
software system. 
Recommendations 
Some future work may be necessary in this research which involves mainly 
testing the current functions of this staff scheduling software system more thoroughly 
and fixing any defects that are identified. In addition, there are some nser interfaces 
that are missing in this software system such as adding staff into the system, printing 
the staff schedule in appropriate manner, and managing administrative data. These 
functionalities were identified as future work that can be undertaken at a later stage 
before deploying the system in an organization. 
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APPENDIX A 
Source Code Related to Login Functionality 
A.1 Error XML format 
<?xml version="l.O" encoding="utf-8" ?> 
<Messages> 
<Template> 
<ID>SS_OOl</ID> 
<MessageText>Invalid user ID or password.</MessageText> 
</Template> 
</Messages> 
A.2 Login Functionality Related Source Code 
A.2.1 Account Controller Source Code 
using System; 
using System.Collections.Generic; 
using System.Linq; 
using System.Web; 
using System.Web.Mvc; 
using System.Web.Routing; 
using System.Web.Security; 
using SSWeb.Models; 
using SSCommon.Domain.POCOEntities; 
using SSWeb.Common.Util; 
namespace SSWeb.Controllers 
{ 
public class AccountController BaseController 
{ 
public AccountController() 
: base() 
{ 
} 
II 
// GET: /Account/Logan 
[AllowAnonymous] 
public ActionResult LogOn() 
{ 
return View(); 
} 
[AllowAnonymous] 
public PartialViewResult _LogOnPartial() 
{ 
ViewBag.FullName = (String.IsNullOrEmpty(session.FullName)) ? 
session.FullName; 
return PartialView(); 
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} 
II 
JI POST: /Account/Logan 
[AllowAnonymous] 
[HttpPost] 
public ActionResult LogOn(LogOnModel model, string returnUrl) 
{ 
if (ModelState.IsValid) 
{ 
var user= ValidateUserDB(model.UserName, model.Password); 
if (user != null) 
{ 
session= session?? new CustomSession(Session); 
session.FullName = user.FirstName +" "+ user.LastName; 
session.UserID = user.UserID; 
session.UserCategoryID = user.FkUserCategoryID; 
session.StaffID = user.StaffID; 
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session.DepartmentID = user.FkDepartmentID; 
session.Permissions= GetUserRolePermissions(user.StaffID); 
//bool t = 
session.IsAuthorized(Permissions.ManageSchedule); 
FormsAuthentication.SetAuthCookie(model.UserName, 
model.RememberMe); 
if (Url.IslocalUrl(returnUrl) && returnUrl.Length > 1 && 
returnUrl.StartsWith("/") 
&& !returnUrl.StartsWith("//") && 
! returnUrl.StartsWi th ( "/\ \")) 
{ 
return Redirect(returnUrl); 
} 
else 
{ 
return RedirectToAction( "Index", "Home"); 
} 
} 
else 
{ 
ModelState.AddModelError("", "The user name or password 
provided is incorrect."); 
} 
} 
} 
// If we got this far, something failed, redisplay form 
return View(model); 
[NonAction] 
public Staff ValidateUserDB(string username, string password) 
{ 
} 
try 
{ 
} 
//return serviceChannel.ValidateUser(username, password); 
return proxyClient.ValidateUser(username, password); 
catch (Exception) 
{ 
throw; 
} 
[NonAction] 
public IEnumerable<UserRolePermission> GetUserRolePermissions(int 
staffid) 
{ 
return proxyClient.GetUserRolePermissions(staffid); 
} 
II 
// GET: /Account/LogOff 
[AllowAnonymous] 
public ActionResult LogOff() 
{ 
FormsAuthentication.SignOut(); 
return RedirectToAction("LogOn", "Account"); 
} 
II 
// GET: /Account/Register 
[AllowAnonymous] 
public ActionResult Register() 
{ 
return View(); 
} 
II 
// POST: /Account/Register 
[AllowAnonymous] 
[HttpPost] 
public ActionResult Register(RegisterModel model) 
{ 
if (ModelState.IsValid) 
{ 
// Attempt to register the user 
MembershipCreateStatus createStatus; 
Membership.CreateUser(model.UserName, model.Password, 
model.Email, null, null, true, null, out createStatus); 
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if (createStatus == MembershipCreateStatus.Success) 
{ 
FormsAuthentication.SetAuthCookie(model.UserName, false/* 
createPersistentCookie */); 
return RedirectToAction ("Index", "Home"); 
} 
else 
{ 
ModelState.AddModelError(" ,. , 
ErrorCodeToString(createStatus)); 
} 
} 
} 
// If we got this far, something failed, redisplay form 
return View(model); 
public ActionResult ChangePassword() 
{ 
return View(); 
} 
[HttpPost] 
public ActionResult ChangePassword(ChangePasswordModel model) 
{ 
if (ModelState.IsValid) 
{ 
// ChangePassword will throw an exception rather 
// than return false in certain failure scenarios. 
bool changePasswordSucceeded; 
try 
{ 
MembershipUser currentUser 
Membership.GetUser(User.Identity.Name, true/* userisOnline */); 
changePasswordSucceeded = 
currentUser.ChangePassword(model.OldPassword, model.NewPassword); 
} 
catch (Exception) 
{ 
changePasswordSucceeded = false; 
} 
if (changePasswordsucceeded) 
{ 
return RedirectToAction("ChangePasswordSuccess"); 
} 
else 
{ 
ModelState.AddModelError("", "The current password is 
incorrect or the new password is invalid."); 
} 
} 
} 
} 
} 
return View(model); 
public ActionResult ChangePasswordSuccess() 
{ 
return View(); 
} 
A.2.2 LogOn View HTML Code 
@m_od~_l_ Jssweb. Models. LogOnModel 
ViewBag.Title = "Log On"; 
<h2>Log On</h2> 
<p> 
Please enter your user name and password. @Html.ActionLink("Register", 
"Register") if you don't have an account. 
<Ip> 
<script src="@Url.Content("~/5cripts/jquery.va1idate.min.js")" 
type="text/javascript"></script> 
<script src="@Url.Content("~/5cripts/jquery.va1idate.unobtrusive.min.js")" 
type="text/javascript"></script> 
<script language="javascript" type="text/javascript"> 
$(document).ready(function () { 
$('#UserName'),focus(); 
}); 
</script> 
@Html.ValidationSummary(true, "Login was unsuccessful. Please correct the 
errors and try again.") 
@using (Html.BeginForm()) { 
<div> 
<fieldset> 
<legend>Account Information</legend> 
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} 
<div class="editor-label"> 
@Html. Label( "lblUserName", "User name") 
</div> 
<div class=" editor-field"> 
@Html.TextBoxFor(m => m.UserName) 
@Html.ValidationMessageFor(m => m.UserName) 
</div> 
<div class="editor-label"> 
@Html. Label(" lblPassword", "Password") 
</div> 
<div class="editor-field"> 
@Html.PasswordFor(m => m.Password) 
@Html.ValidationMessageFor(m => m.Password) 
</div> 
<div class="editor-label"> 
@Html.CheckBoxFor(m => m.RememberMe) 
@Html. Label(" lblRemeberMe", "Remember me?") 
</div> 
<p> 
<input type="submit" value="Log On"/> 
</p> 
</fieldset> 
</div> 
A.2.3 Staff Repository Code related to Log in Functionality 
using System; 
using System.Collections.Generic; 
using System.Linq; 
using System.Web; 
using SSBusiness.Infrastructure.Interfaces; 
using SSCommon.Domain.POCOEntities; 
using SSWeb.DBContext; 
using System.ComponentModel.Composition; 
namespace SSBusiness.Infrastructure.Repositories 
{ 
[Export(typeof(IStaffRepository))] 
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public class StaffRepository : GenericRepository<Staff>, IStaffRepository 
{ 
[ImportingConstructor] 
public StaffRepository(StaffSchedulerContext context) 
: base(context) 
{ 
} 
public Staff ValidateUser(string username, string password) 
{ 
} 
var user= (from u in context.Staff 
return user; 
where u.UserID == username && u.Password -- password 
select u).FirstOrDefault(); 
public IQueryable<UserRolePermission> GetUserRolePermissions(int 
staffld) 
{ 
} 
} 
} 
var permissions= from ur in context.UserRolePermission 
join u in context.Staff 
on ur.FkUserRoleID equals u,FkUserRoleID 
where u.StaffID == staffld && ur.Allow == true 
select ur; 
return permissions; 
70 
71 
APPENDIXB 
Special Logics and Diagrams 
B.1 Personal Leave request logic 
User request 
a Leave 
D 
If user is a 
supervisor? 
If request is for , YES :,,h.~ If request is for 
self? , /"L.....---y self? 
--~ - - v' --- 1J- -
/ ',,_ YES : Set request status< YES / "-'""✓' > to pending '''- -) 
-1J ~-oi -
NO Supervisor approves 
or deny Leave request 
--- --- 11 
v' 
Change Leave status to 
approved or denied 
Figure 20: Leave process flow. 
Action denied and 
error message shown 
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B.2 Entity Relationship Diagram 
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I 
B.3 Data Dictionary 
Table 5 
Data Dictionary 
Table Name 
Staff 
Department 
Schedules 
Schedule Weeks 
ScheduleWeekDays 
Schedule WeekPositions 
Schedule WeekPositionShifts 
Messages 
Leave 
UserCategories 
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Description 
Contains staff related basic information. 
Contains organization department's related info. 
Contains staff schedules for each department. For 
given time period. 
Contains week information (start/end dates) for 
each schedule. 
Contains day(s) information for particular week. 
Contains all the positions for particular week. 
Contains all the shift information for particular 
week. 
Contains all message info related to leave 
requests. 
Contains all the data related to leave requests. 
Information related to different categories 
separating staff. 
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B.5 Visual Studio 20 IO Development Screenshots 
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Figure 24: Schedule list page development. 
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Figure 25: WCF service development. 
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Figure 26: ASP.NET MVC 3 schedule controller development. 
